Abstract: Wistar male rats were repeatedly exposed to methanol and toluene vapors individually and simultaneously by inhalation 6 hours a day, five days a week for 4 weeks. Blood was obtained from the tail of the rats up to 23 hours after the end of 4-week exposure and the methanol and toluene concentrations were measured. Major metabolites of methanol and toluene, that is, formic acid and hippuric acid in urine were measured up to 6 days after the end of 4-week exposure. The biological half time of toluene in blood in the simultaneous exposure group was shorter than that in the toluene exposure group. This tendency was almost the same as that for one-day exposure, although the biological half time of solvents in the rat blood was prolonged. The half times of methanol were also longer than those for one-day exposure.
An understanding of the health effects of simultaneous exposure to organic solvents is very important because more than 80% of organic solvents used in the work environments are mixtures of several components 1) . Studies on the health effects of simultaneous exposure to multicomponent organic vapors are few, however, some researchers have reported a variety of results [2] [3] [4] [5] [6] . In our previous work 7) , the effects of simultaneous exposure to methanol and toluene vapors on the metabolism of rats for one-day exposure were investigated by measuring the concentration of each solvent in blood and the metabolites, that is, formic acid and hippuric acid in urine. It has been observed that the biological half time of toluene in blood in the simultaneous exposure group was significantly shorter than that in the toluene exposure group, but there was no significant difference for that of methanol. In the work environment, workers are exposed to organic vapors repeatedly. But there is little information on the effect of repeated exposure to multicomponent vapors on their metabolism. In this study, the effects of repeated exposure to methanol and toluene vapors on the metabolism in rats were investigated, and compared with that of one-day exposure.
Male Wistar rats (8 weeks old) were divided into control (n=5), methanol exposure (n=5), toluene exposure (n=5) and simultaneous exposure (n=5) groups. The oganic vapors obtained from a generator 8) were introduced into an exposure chamber (volume 100 L) made of stainless steel from the top. Details of this apparatus have been given elsewhere 7, 8) . After the vapor concentration became constant, the rats were put into the chamber. The vapor concentrations were 0, 300 and 500 ppm for toluene, and 0 and 1000 ppm for methanol. The exposure period was 6 hours a day, 5 days a week for 4 weeks (i.e., 1 month exposure). During the last exposure, the urine was collected from bottom of each chamber. The rats were then transferred to metabolic chambers (Sibata Scientific, Japan) made of glass individually, and the urine was collected again up to 6 days. Blood samples were taken from the tail of the rats up to 23 hours after the exposure. Urine samples were diluted 51 times with a 15% acetonitrile aqueous solution after being centrifuged for 10 minutes at 3000 rpm, after which the hippuric acid concentration was determined by a high T ISHIDAO et al.
Industrial Health 2000, 38, 405-407 performance liquid chromatography (HPLC, Hitachi L6210) equipped with an UV detector. Other urine samples (0.5 mL) were put into vials after being centrifuged for 10 minutes at 3000 rpm. Formic acid was converted to methyl formic acid by adding 0.1 mL of dimethyl sulfate to the urine sample. 0.1 mL of isopropyl alcohol aqueous solution (0.1%) was added as an internal standard, the vial was heated at 50°C for 60 minutes, and the methyl formic acid concentration in the headspace of the samples was measured with a gas chromatograph-mass spectrometer (GC/MS, Shimadzu QP 5050). After blood samples (0.5 mL) were diluted twice with saline, the vapor in the headspace was measured by the same method as those of urine samples by GC/MS 7) . Figure 1 shows the change in the toluene concentration in blood after 1 month exposure when the toluene concentration was 500 ppm and the methanol concentration was 1000 ppm. The toluene concentration in the single exposure group was higher than that in the simultaneous exposure one. The biological half time of toluene in the simultaneous exposure group was 3.9 hours, which was slightly shorter than that in the toluene exposure group (5.5 hours). This tendency was almost the same for one-day exposure (single exposure: 2.0 hours, simultaneous exposure: 1.2 hours) 7) . However, the half time of 1 month exposure tended to become longer than that in the one-day exposure. On the other hand, for toluene (300 ppm)-methanol (1000 ppm) system, the half time of the toluene for 1 month exposure was not different (single exposure: 2.6 hours, simultaneous exposure: 2.4 hours). Table 1 shows the hippuric acid and formic acid excretion rate, that is, (concentration × amount of urine)/(sampling period)/rat in urine for 1 month exposure. The exposure concentration of toluene and methanol were 500 and 1000 ppm, respectively. During the exposure, urine could not be collected individually because rats were in one exposure chamber. The excretion rate of hippuric acid in the exposure groups was significantly higher than that in the control group during 0-21 hours. The increase of the excretion rate in urine in the exposure groups was also observed as well as that for one-day exposure 7) . The methanol concentration in blood in the toluene (500 ppm)-methanol (1000 ppm) system for 1 month exposure is shown in Fig. 2 . The methanol concentration in the simultaneous exposure group was higher than that in the single exposure one, which was the same tendency as that of one-day exposure 7) . However, the half times of the methanol were 25.7 and 16.1 hours in the single and simultaneous exposure groups, respectively, which were significantly longer than those for one-day exposure (single exposure: 2.7 hours, simultaneous exposure: 2.4 hours) 7) . The excretion rate of formic acid in the simultaneous exposure group was significantly higher than that for methanol exposure groups during 0-21 hours, but there was no significant difference in both samples at 21-141 hours after the end of exposure (Table 1 ). In the control group, Methanol 1000 ppm + Toluene 500 ppm (t 1/2 =3.9 h). Toluene 500 ppm (t 1/2 =5.5 h). Methanol 1000 ppm + Toluene 500 ppm (t 1/2 =16.1 h). Methanol 1000 ppm (t 1/2 =25.7 h).
only average value of 5 rats was obtained, therefore, statistical test between the control and the exposure groups could not be carried out. However, the excretion rates in the both exposure groups were much higher than that in the control group during and 0-21 hours after the exposure.
In summary, the results of this study suggest that the effect of simultaneous exposure on the excretion rate and biological half time was almost the same tendency in the repeated exposure and one-day exposure, although the biological half time of solvents in blood tended to become longer than that in the one-day exposure.
